
7

FIG. 2. Cumulative histograms of search results for the matched-filter searches, plotted versus inverse false-alarm rate. The dashed lines show
the expected background, given the analysis time. Shaded regions denote sigma uncertainty bounds for Poisson uncertainty. The blue dots are
the named gravitational-wave events found by each respective search. Any events with a measured or bounded inverse false alarm rate greater
than 3000 y are shown with an arrow pointing right. Left: PyCBC results. Right: GstLAL results.

FAR [y�1] Network SNR
Event UTC Time PyCBC GstLAL cWB PyCBC GstLAL cWB

GW150914 09:50:45.4 < 1.53 ⇥ 10�5 < 1.00 ⇥ 10�7 < 1.63 ⇥ 10�4 23.6 24.4 25.2
GW151012 09:54:43.4 0.17 7.92 ⇥ 10�3 – 9.5 10.0 –
GW151226 03:38:53.6 < 1.69 ⇥ 10�5 < 1.00 ⇥ 10�7 0.02 13.1 13.1 11.9
GW170104 10:11:58.6 < 1.37 ⇥ 10�5 < 1.00 ⇥ 10�7 2.91 ⇥ 10�4 13.0 13.0 13.0
GW170608 02:01:16.5 < 3.09 ⇥ 10�4 < 1.00 ⇥ 10�7 1.44 ⇥ 10�4 15.4 14.9 14.1
GW170729 18:56:29.3 1.36 0.18 0.02 9.8 10.8 10.2
GW170809 08:28:21.8 1.45 ⇥ 10�4 < 1.00 ⇥ 10�7 – 12.2 12.4 –
GW170814 10:30:43.5 < 1.25 ⇥ 10�5 < 1.00 ⇥ 10�7 < 2.08 ⇥ 10�4 16.3 15.9 17.2
GW170817 12:41:04.4 < 1.25 ⇥ 10�5 < 1.00 ⇥ 10�7 – 30.9 33.0 –
GW170818 02:25:09.1 – 4.20 ⇥ 10�5 – – 11.3 –
GW170823 13:13:58.5 < 3.29 ⇥ 10�5 < 1.00 ⇥ 10�7 2.14 ⇥ 10�3 11.1 11.5 10.8

TABLE I. Search results for the eleven GW events. We report a false-alarm rate for each search that found a given event; otherwise, we display
‘–’. The network SNR for the two matched filter searches is that of the template ranked highest by that search, which is not necessarily the
template with the highest SNR. Moreover, the network SNR is the quadrature sum of the detectors coincident in the highest-ranked trigger; in
some cases, only two detectors contribute, even if all three were operating nominally at the time of that event.

1. GW150914, GW151012, GW151226

During O1, two confident detections of binary black holes
were made: GW150914 [1] and GW151226 [2]. Addition-
ally, a third trigger was noted in the O1 catalog of binary black
holes [3, 4], and labeled LVT151012. That label was a conse-
quence of the higher FAR of that trigger, though detector char-
acterization studies showed no instrumental or environmental
artifact, and the results of parameter estimation were consis-
tent with an astrophysical BBH source. Even with the signifi-
cance that was measured with the O1 search pipelines [4], this
event meets the criteria of Sec. IV A for a gravitational wave
event, and we henceforth relabel this event as GW151012.

The improved O2 pipelines substantially reduced the FAR
assigned to GW151012: it is now 0.17 y�1 in the PyCBC

search (previously, 0.37 y�1), and 7.92 ⇥ 10�3 y�1 in the Gst-
LAL search (previously, 0.17 y�1). These improved FAR
measurements for GW151012 are the most salient result of
the reanalysis of O1 with the O2 pipelines; no new gravita-
tional wave events were discovered. The first binary black
hole observation, GW150914, remains the highest SNR event
in O1, and the second highest in the combined O1 and O2 data
sets, behind only the binary neutron star inspiral GW170817.

As this paper was in preparation, the pre-print [81] ap-
peared. That catalog also presents search results from the Py-
CBC pipeline for O1, and also finds GW150914, GW151012,
and GW151226 as the only confident gravitational wave
events in O1, with identical bounds on FAR to the Py-
CBC results in Table I for GW150914 and GW151226. The
measured FAR for GW151012 is not identical, but is consis-


